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(54) Polymer electrolyte for fuel cell 

(57) Provided is a polymer electrolyte which is cheap and easily synthesized, and has a high water resistance and 
high output performance. 

The polymer electrolyte comprising a sulfonated polymer having an ion-exchange group equivalent weight of 500 
to 2500 g/mol. which is obtainable by sulfoneting a structural unit represented by the structural formula (IQ of a copoly* 
mer having 95 to 40 mo?% of a structural unit represented by the following structural formula (0 and 5 to 60 mot% of a 
structural unit reprB&erned by the following structural formula (11), 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a polymer electrolyte tor a fuel cell, a method for producing them, and a fuel 
cell. 

10 Description of the Related Art 

[0002] Due to the recent attention to various environmental problems, a new energy technique has thus attracted spe- 
cial interests. It is such a fuel cell technique which is considered a promising new energy technique and rt is anticipated 
that H will become one of the most inportant technology in the future. A polymer type fuel cefl using a proton-conductive 
polymer as an electrolyte has attracted such special interest because of features such as good operation property at 
low tenperatures. possibility of miniaturization and creating light etc. 

[0003] As a polymer electrolyte for a polymer type fuel cell, for example. Nafion (trademark of Du Pont Co.) having 
ultrastrong acid group containing f luorinated polymer is known. However. NaTion is very expensive because it fe a fluor- 
inated polymer, and control of water must be strictly fbUowed because of its low water retention in the case of using it 
as a fuel cell. Furthermore, it is necessary when using a fluorine containing compound to take the environment into con- 
BkJeration in respect to synthesis and disposal. Therefore, a polymer electrolyte of a non^luorinated proton-conductive 
material is desirable by toda/s market standard. 

[0004] Some studies have already been made wrth respect to the non-f luorinated polymer-based proton-conductive 
polymer.- For example, a fuel cell using a sulfonated aromatic polyether ether ketone as the electrolyte has been 
researched. A detailed report on the synthesis of the sulfonated aronrwtic polyether ether ketone and its characteristics 
are disclosed in Polymer. 1987. Vbl. 28, 1009. This report dlsdoses that an aromatic polyether ether ketone, which is 
insoluble in organic solvent, becomes soluble in an organic solvent by highly sulfonating it, thereby feciStating film for- 
mation. The hydrophflic nature of these sulfonated aromatic polyether ketone has increased thus the water-solubility or 
a reduction In strength on water absorption occun'ed. When the water-solubiWy occurs, a fuel ceTI normafly forms water 
as a by-product as a result of a reaction between fuel and oxygen, the sulfonated aromatic polyether ketone is therefore 
not suitable to use as an electrolyte for a fuel cell. The Japanese Patent Kbkai Publication Na 6-931 14 with respect to 
an electrolyte of a sulfonated aromatic polyether ether ketone shows that the inventors succeeded In the production of 
an electrolyte having excellent strength thrcHjgh a process of introducing a moslinkable functional group at the time of 
polymer synthesis and crosslinking this functional group after film formation. 

[0005] Polymeric Material Science and Engineering. 66. 122-123 (1993) and U.S. Patent Na 5.271.813 disclose that 
sulfonated compounds of poiymers (e.g. sulfonated aromatic polyether ether ketone, sulfonated aromatic polyether sul- 
fone. etc.) can be utilized as an electrolyte of a device for electrolysis of water (UDEL P-1 700 used as polyether sulfone 
IS a polymer classHied as polysuHone (PSF)). However, there is no description about vartous physical properties such 
as pnmary structure or lon-exchange group equivalent waght of these sulfonated con>pounds of polymers, and it Is dif- 
ficult for the resulting sulfonated polysuHone not to dissolve in water due to its high water absorption, 
[0006] These conventional techniques have problems such as expensive electrolyte, insuff idert strength, difficult syn- 
thesis of a polymer material, etc. 
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[0007] An object of the present invention is to provide a polymer electrolyte for fuel cell, which is cheap and is easily 
synthesized wfth a high water resistance and a high performance. That is. the present invention provides a polymer 
electrolyte tor a fuel cell, comprising a sulfonated polymer having an ton-eifchange group equivalent weight of 500 to 
2500 gAnol. which is obtainable by sulfonating a structural unit represented by the structural formula (II) of a copolymer 
having 95 to 40 mol% of a structural unit represented by the following structural formula (1) and 5 to 60 mol% of a struc- 
tural unit represented by the following structural formula (II); a polymer electrolyte membrane for a fuel cell, comprising 
the polymer eJectrolyte for a fuel cell; and a fuel cell using the polymer electrolyte mBrTt)rane for fuel cell. 
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wherein Ar represents a! least one of the following structures. 
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BRIEF DESCRIPTION OF THE DRAWING 

40 

[0008] 

Fig. 1 is a plot of current density versus voftage illustratng a fuel ceJI output perfomiance In Exannples and Com- 
parative Example. 

45 

DETAILED DESCRIPTION OF THE INVENTION 

[0009] The present Invention will be described In detail hereinafter. 

[0010] The polymer electrolyte for a fuel cell of the present invention conrprises a sulfonated polymer having an ion- 
50 exchange group equivalent weight of 500 to 2500 g/moi, which is obtainable by 6uHonatir>g a structural unit represented 
only by the structural fomiula (11) of a copolymer having 95 to 40 mol% of a structural unit represented by the above 
structural formula (I) and 5 to 60 mol% of a structural unit represented by the above structural formula (11). 
[001 1 ] In the structural unit represerrted by the structural formula (II) in the polyether sulfone copolymer. Ar is a diva* 
lent aromatic group, and preferak)ly has the following structure. 

55 
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[0012] As a method of synthesizing the polyether sultone copolymer, for example, a method described in Japanese 
10 Patent Kbkoku PiWication Na 62-28169 is knowa A molecular weight of the polymer is not specifically limited, but a 
weight-average molecular weight is preferably from 5,000 to 200,000. more preferably from 10.000 to 100,000. When 
the molecular weight is smaller than 5,000, the strength of the film obtained after film fomrwtion may be decreased. On 
the other hand, when the molecular weight is larger than 200,000, it sometimes becomes difficult to perform molding 
processing. 

IS [0013] As a method of sutfonating the polyether sultone copolymer, i.e. method of introducing a sutfonic acid group 
into a polymer, for example, methods described in Japanese Patent Kokoku Publication Nos. 61-36781. 2-17571 and 
1-54323 are known. In Japanese Patent Kokoku Publication Na 61-36781. there is descn*bed a method of sulfonating 
a copolymer having a structural unH represented by the above structural formula (I) and a structural unit represented by 
the following structural formula (III) with concentrated sulfuric acid. Specifically, it is descrtoed that the strurtural unit 

^ represented only by the following ^ctura! formula jyil)jcan be selectively sulfonated by dissolving the cop olymer in 
-concentrated sutfuric add arxJ strrihg at room temperature for several hours. 



[0014] A sulfonating agent used for sulfonating the polyether sulfone copolymer of the present invention rs not spedf- 
icaHy limited, but concentrated sulfunc acid capable of sulfonating the structural unit represented only by the above 
structural unit (II) selectively and quantitatively, is preferable 

[001 5] The polymer electrolyte for a fuel cell of the present invention comprises a sulfonated polymer having an fon- 
exchange group equivalent weight of 500 to 2500 g/mol, which is obtainable by sulfonating the structural unit repre- 
sented only by the above structural formula (II) of the polyether suffone copolymer. The ion-exchange group equivalent 
weight is preferably from 550 to 1500 g/mol. more pr^erably from 600 to 1000 g/mol. When the ion-exchange group 
equivalent weight exceeds 2500 g/mol. the output performance is decreased. On the other hand, when the ion- 
exchange group equivalent weight is lower than 500 g/mol, the water resistance of the copolymer is decreased. 
[001 6] The term "ion-exchange group equivalent weight" used herein means a molecular weight of the sulfonated pol- 
ymer per wo\ of sulfonic add groups introduced, i.e. amount of sulfonic add groups introduced. The Ion-exchange 
group equfvalent weight can be measured, for example, by an add base titration method described in Japanese Patent 
Kokoku Publication Na 1 -52866. 

[0017] As a method of controlling the ion-exchange group equivalent weight of the sulfonated polyether suffone copol- 
ymer in the range from 500 to 2500 g/hrxjl. a method of controlling a copolymerization ratio of the structural unit repre- 
sented by the structural formula (I) to the structural unit represented by the structural formula (11) of tine polyether sulfone 
copolymer can be used. 

[0018] In case of sulfonating the polyether sultone copolymer, a sulfonic add groi^ (-SO3H) is substantially intro- 
duced only into an aromatic ring which is not adjacent to a suHone group (-SO2-) in the structural unit represented by 
the above structural formula (II). i.e. the unit represented by Ar. The number of sulfonic acid groups to be introduced is 
at most one per one aromatic ring when the bond position in the polymer backbone chain of the aromatic ring Is ortho- 
or para-position. When the aromatic ring is bonded in the polymer backbone chain at the meta-position, the nurrfcer of 
sulfonic acid groups is at most two per one aromatic ring. Therefore, sulfonated polymer having different sulfonation 
degree pon-exchange group equivalent weight) can be obtained from polymers having the same mdecutar weight 
according to the bond position of the aromatic ring in the polymer bactoone <^aia 

[0019] That is, in the present invention, when the ion-exchange group equivalent weight of the desired sulfonated pol- 
ymer is dedded. the desired sulfonated polymer can be obtained by selecting or synthesizing the polyether sulfon 
copolymer having the specific bond position of the Ar in the polymer bactoone chain unit and quantitativety sulfonating 
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the cibpolymer. 



. lOCeO] When a polymer electrolyte is used for a fuel cell, it is normally used in the form of a film. A method of convert- 
ing the sulfonated polymer into a f Hm is not spedf ically limited, but a m thod of forming a film from a solution state (solu- 
tion casting method) or a method of forming a film from a molten state {meft pressing method or meJt extrusion method) 
can be used. In case of the former, for example, a film is formed by casting and applying a N.N<limethylformamide solu- 
tion of a polymer on a glass plate, and removing the solvent The solvent used for forming a film may be any one which 
can dissolves the polymer and is removed after coating. For example, there can be suitably used aprotic polar solvents 
such as N,N-dimethylformamide, N.N-dimethylacetamide. N-methyl-2-pyrroiidone. dimetMsutodde. etc.; or alkylene 
glycol monoafkyi ethers such as ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, propylene glycol 
monomethyl ether, propylene glycol monoethyl ether, etc. 

[002t ] A thideiess of the film is not specifically limited, but is preferably from 10 to 200 ^nx in order to obtain the fOm 
strength enough for practical use. the thickness Is preferably thicker than 10 pm. In order to reduce the film resistance. 
I.e. improvement in output performance, the thickness is preferably thiner than 200 ^im. The film thickness can be con- 
trolled ty the solution concentration or thickness of coating onto the substrate. In case of fommng a film from a molten 
state, a melt pressing method or a melt extrusion method can be used. 

[0022] In case of producing the electrolyte of the present invention, there can be used additives such as plasticizers, 

stabilisers, releasants, etc., as far as the object of the present invention is not adversely affected. 

[0023] A method of bonding the electrolyte to an electrode in case of using for a fuel cell is not specifically limited, and 

a known method (e.g. chemical plating method descnljed in DenW Kagaku, 1985, 53, 269, thermal press method of a 

gas diffusion electrode describ«j in Electrochemical Science and Technology. 1988. 135 (9), 2209, etc.) can be 

applied. 



[0024] The fonowing Examples further illustrate the present invention in detail but are not to be construed to limit the 
scope thereof. The measuring conditions of the respective physical properties are as follows. 

(1) Ion-exchange group equivalent weight 

[0025] After precisely weighing (a (g)) a sulfonated polymer to be measured in a closabla glass container, an exce&s 
amount of an aqueous calcium chloride solution is added therein, followed by stirring ovemlght. Hydrogen chloride gen- 
erated in the system is titrated (b (mQ) with an aqueous 0.1 N standard sodium hydroxide solution (potency: 0 using 
phenolphthalein as an indicator. An ion-«change group equivalent weight (g/mol) is determined from the above meas- 
ured value according to the following equation. 



(2) Output performance of a fuel cell 

[0026] An electrolyte bonded with an electrode was incorporated into a cell to be evaluated, and the output perform- 
ance of a fuel cell was evaluated. As a reaction gas. hydrogen/oxygen was used. After moister^ng by passing through 
a water bubbler at 23<'C under a pressure of 1 atm. the reaction gas was fed to the cell to he evaluated. A flow rate of 
hydrogen and that of oxygen were adjusted to 60 ml/min. and 40 ml/hi'in., respectively. A cell temperature was adjusted 
to 23*»C. The output performance of the cell was evaluated by using a charge/discharge test unit (H201 B. manufactured 
by Hokuto Denko Ca, Ltd.). 

Example 1 

(1) Production of a polyether sulfone copolymer 

[0027] A polyether suffone copolymer using 4,4'-dihydroxydiphenyl suJtone. 4.4'Kiihydroxybipheny) and 4,4*-dichIo- 
rodipheny! sulfone as a monomer was prepared by reacting 4.4*-dihydraxydiphBnyl sulfone. 4.4'-dlhydroxybiphenyi and 
4,4'-dichlorodiphenyl sulfone In a ratio of 6:4:10 in the presence of potassium carbonate, using diphenyl sulfone as a 
polymerization solvent The polymerization temperature was in the range from 200 to 290*0, The whole diol and dihal- 
ide as a substantially equinrolar component were used, together with a two-tpid excess molar equivalent of potassium 
carbonate to the molar equivalent of dihaFide. It was confirmed by ^ H-NMR that a copolymer having a composition ratio 
corresponding to the charged raw materials, wherein the ratio of the structural unit represented by the above structural 
formula (I) to that represented by the above structural formula (II) is 6:4, is obtained. A reduced viscosity of the resulting 
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Ion-exchange group equivalent weight - (1000 x a}/(0.1 x b x f) 
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polymerMn 1% N.N-dimethyHormamide solution at 25**C was 0.38. and weight-average molecular weight (in ternrrs of 
polystyrene) of the resulting polymer determined by gel permeation chromatography (GPC) was 55,000. 

(2) Sulfonation of polyether sulfone copolymer - 'f^''^" ^ 

5 

[0028] The polyether sulfone copolymer (25 g) obtained In the above Item (1) and concentrator acid (1 25 ml) 
were charged in a 500 ml round bottom flask equipped with a thermometer, a nrtrogen introducing tube, a dropping fun- 
nel and a stirrer, and then the polymer was sulfonated by stirrir^ at room temperature under a nitrogen flow overnight. 
The sulfonated polyether sulfone was precipitated by slowly addirig tPie reactior^^ to 3 Irter of deionized water, 

10 filtered and then recovered. A deionized water*washing operation using a mixer and a recovering operation using a suc- 
tion fifter were repeated until the wash t>ecomes neutral, and then the polymer was dried under reduced pressure at 
eO'C overnight. ' ' — - — 

[0029] The ion-exchange group equivalent weight of the resulting sulfonated polyether sulfone was 660 g^riol. It was 
confirmed by the results of the titration of the polymer after sulfonation and measurement of ^H-NMR that the isutfonic 

IS acid group is introduced into only a 4,4'-dihydroxybiphenyl unit in the polymer backbone chain, selectively and quanti- 
tativety. 

(3) Evaluation of a fuel cell 

so [0030] The sulfonated polyether sulfone copolymer obtained in the above item (2) dissolved in N-methyl-2-pyrTolidone 

wasHcasted and app dried under reduced pressure while slowly decreasing pressure at 80'*C. 

followed by heating to 150'C and further drying under reduced pressure for 3 hours to completely remove the solvent 
The resulting film was a pale brown transparent fteorible film and had a tNckness of 140 \im. The film was punched out 
to form a circle having a diameter of 30 mm 0 and a gas diffusion electrode was thermally press-bonded, and the result- 
's ant was used for evaluation of a fuel cell. As the gas diffusion electrode, a Pt-supporting (0.35 mg/on^ electrode man- 
ufactured by E-TEK U.S.A. Inc. was used. The punched gas diffusion electrode having a diameter of 20 mm 0 was 
uniformly innpregnated writh 0.1 ml of a 5 vtrt% Naffion solution (lower alcohol/water mixed solvent manufactured by 
Aldrich U.S.A. Inc.) as a binder and then dried under reduced pressure at 60*»C for 2 hours to remove the solvent. The 
electrode was inrvnersed in txiilmg deionized water for 2 hours, together with the electrolyte f Dm. thereby to let the bindor 
30 portion absorb water. They were taken out from water and, after renrwving water adsorbed on the surface, the electro- 
lyte film was interposed between two electrodes so that the catalyst surface of the electrode faces the electrolyte side, 
followed by pressing at BO'C urtder 80 kgf/cm^ for 90 secorxls to obtain an electrode-bonded membrane. The resulting 
electrode-borvied membrane was incorporated into the cell to be evaluated and the output performance of the fuel cell 
was evaluated. The resulting plot of current density versus voltage is shown in Fig. 1 . 

35 

Exanple 2 

(1) Evaluation of fuel cell 

40 [0031] A film of the sulfonated polyether sulfone copolymer obtained in Example 1 (2) was formed by using a themnal 
press molding device. The polymer powder (0.5 g) and an aluminum spacer having a width of 0.2 nrvn arxJ an inner 
diameter of 30 mm 0 were interposed between two Teflon sheets having a thickness of 0.2 mm and, furthermore, the 
resultant laminate was interposed between two steel plates having a thickness of 3 mm. After heating at 280*'C under 
5 kgf/crrf for 3 minutes and thermal press molding at 280*0 under 200 kgf/cm^ for 2 minutes, a film having a thickness 

45 of 200 ^m was obtained. According to the same manner as that described rn Exanople 1(3), an electrode was bonded 
and the output performance of the cell was evaluated. As a result, the cell showed the same output performance as that 
of Example 1 . 

Example 3 

50 

(1) Production of polyether sulfone copolymer 

[0032] According to the same manner as that described in Exanple 1 except for changing the ratio of 4,4'-dihydrax- 
ydiphenyi sulfone, 4.4'-dihydraxybiphenyl and 4,4'-dichlorodiphBnyl sulfone to 7:3:10, a polyether sulfone copolymer 
55 was prepared. It was confirmed by ^H-NMR that a copolymer having a connposition ratio corresponding to the charged 
raw material, wherein the ratio of the structural unit represented by the above structural formula (I) to that represented 
t5y the above structural formula (II) is 7:3, is obtained. A reduced viscosity of the resulting polymer in a 1% N,N-dimeth- 
ylformamide solution at 25"C was 0.39, and a weight-average molecular weight (in terms of polystyrene) of the resulting 
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polymar del rmined by GPC was 57.000. 

(2) Sulfonation of polyether sulfone copolymer 

5 [00S3] According to the same manner as that described in Example 1 (2), the polyether sulfone copolymer obtained 
in the above rtem (1) was sulfonated to obtain a sulfonated polyether sulfone having an ion-exchange group equivalent 
weight of 860 g/mol. It was confirmed by the results of the trtration of the polymer after sulfonation and measurement of 
^ H-NMR that the suWonic acid group is introduced into only a 4,4'-dihydraxybtphenyl unit in the polymer backbone chain, 
selectively arxi quantitatively. 

10 

(3) Evaluation of fuel cell 

[0034] According to the same manner as that described in Example 1 (3), a film of the polymer was formed (pale 
brown transparent, 120 iim in thickness) and, after bonding a gas diffusion electrode, the output performance of fuel 
IS cell was evaluated. As a result, the cell was operated as the fuel cell In the same manner as in Exannples 1 and 2. A 
potential of the cell v*ras 0.7 V at a current density of 10 mA/cm^. 

Example 4 

20 (1) Production of polyether sulfone copolymer 



[0035] According to the same nr^nner as that described in Example 1 except for changing the ratio of 4,4*-dihydrox- 
ydiphenyl sulfone. 4.4*HdihydrGKybiphenyl and 4.4*-dichlaodiphenyl sulfone to 9:1:10, a polyether sulfbne copolymer 
was prepared. It was conTirmed by ^ H-NMR that a copolymer having a composition ratio corresponding to the charged 
25 raw material, wherein the ratio of the structural unit represented by the above structural formula (1} to that represented 
by the above structural formula (IQ is 9:1 . is obtained. A reduced viscosHy of the resulting polymer in 1% N.N-dimethyt- 
forman^e solution at 25®C was 0.36. and weight-average nrx)lecular weight On terms of polystyrene) of the resulting 
polymer determined by GPC was 54,000. 

30 (2) Sulfonation of polyether sutfone copolymer 

[0036] According to the same manner as that desaibed in Example 1(2), the polyether sulfone copolymer obtained 
in the atx)ve item (1) was sulfonated to obtain a sulfonated polyether sulfone having an ion-exchange group equivalent 
weight of 2500 g/mol. 

3S 

(3) Evaluation of fuel cell 

[0037] According to the same manner as that described in Example 1 (3). a film of the polymer was formed (pale 
brown transparent 100 ^m in thickness) arxJ, after bonding a gas diffusion electrode, the output performarx^e of fuel 
40 cell was evaluated. The resulting plot of current density versus voltage is shown in Fig. 1 . As a result the cell was oper- 
ated as the fuel cell. 

Conparatfve Example 1 

45 (1 ) Production of polyether sulfone copolymer 

[00381 According to the same manner as that described in Example 1 except for changing the ratio of 4,4'-dihydrox- 
ydiphenyl sulfone. 4.4'-dihydroofybiphenyl and 4,4'<Jichlorodlphenyl sulfone to 3:7:10, a polyether suHone copolymer 
was prepared. It was confirmed by ^ H-NMR that a copolymer having a conrposition ratio corresponding to the charged. 
so raw material, wherein the ratio of the structural unit represented by ^e above structurEil formula (I) to that represented 
by the above structural formula (II) is 3:7. is obtained. A reduced viscosity of the resulting polymer in 1% N.N-dimethyl- 
formamide solution at 25**C was 0,37, arKj weight-average molecular weight (in terms of polystyrene) of the resulting 
polymer determined by GPC was 52,000. 

55 (2) Sulfonation of polyether sulfone copolymer 

[0039] According to the same manner as that described in Exanple 1(2), the polyether sulfon copolymer obtained 
in the above item (1) was sulfonated. As a result, a polymer which is insoluble in water could not be btained. An ion- 
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exchange group equK/al nt weight calculated on the assumption that only the structural unit represented by the abos^e 
structural formula (1) is sulfonated was 400 g/mol. 

Comparative Example 2 

[0 WO] Using a Nation 1 1 7 film (film thickness: 1 80 jim) as the electrolyte film, the output performance of the fuel cell 
was evaluated. The Nafon film was punched out to form a cyde having a diameter of 30 mm 0. immersed in aqueous 
5% hydrogen peroxide at 100*C for 30 minutes and 5% dilute sutfuric add at 1 0O^C for 30 minutes, and then sufficiently 
washed with defonized water at 100"C. According to the same manner as that described in Example 1(3), a gas diffu- 
sion electrode was bonded to the film after washing and the output performance of the cell was evaluated. The resulting 
plot of cunent der^lty versus voltage is shown in Fig. 1 . 

Comparative Example 3 

(1) Sulfonation of polyether sulfone homopolymer 

[0001 ] A sulfonated compound of the polyether sulfone composed only of the stnjclural unit represented by the above 
structural formula (I) was synthesized and the evaluation as the polymer electrolyte tor fuel cell was performed as fol- 
lows. Polyether sulfone SumFka Excel PES5200P (reduced viscosity of 1% N.NnJimethylformamide solution at 25''C = 
0.52) was dried under reduced pressure overnight Dried polyester sulfone (25 g) and 125 ml of concentrated sulfuric 
acid were charged in a 500 ml rourxl bottom flask equipped with a Iherniometer, a nitrogen introducing tube, a dropping 
funnel and a stirrer, and then stirred at room temperature under a nitrogen ftow overnight to form an uniform solution 
(apart from the polyether sulfone copolymer, a polyether sulfone homopolymer is not sulfonated by concentrated suffu- 
ric acid). To this solution, 48 ml of chlorosutfuric acid was added from the dropping funnel while stinging under a nitrogen 
flow. Since chlorosulforic acid reacts vigorously vkrith water in concentrated sulfuric add to gas evolution for a while after 
the initiation of the dropwise addition, chlorosulfuric add was slowly added dropwise. After the gas evolution becomes 
mild, the dropwise addition was terminated within 5 minutea The reaction solution otrtained after the conrpletion of the 
dropwise addition was stirred at 35»C for 5 hours to sulfonate the polyetiner sulfone The sulfonated polyether sulfone 
was precipitated by slowly adding the reaction solution to 3 liter of deionized water, f Btered and then recovered. A deion- 
ized water-washing operation using a mixer and a recovering operation using a suction filter were repeated until the 
wash becomes neutral, and then the polymer wbs dried under reduced pressure at B0»C overnight. The ion-exchange 
group equivalent weight of the resulting sutfonated polyether sulfone was 720 g/mol. 

(2) Evaluation of fuel cell 

[0042] According to the metiiod described in Example 1 (3), a film of the suifonated polyether sulfone obtained in the 
above item (1) was formed. According to the same manner as that descn*bed in Example 1 (3), a trial of bonding an 
electrode was made, but the resulting fam was con^pletely dissolved in boiling water during a boiling water treatment 
As seen from these results, the film of Example 1 has higher water resistance than that of Conrv>arative Example 3 
regardless of the introduction amount of sulfonic acid groups of Example 1 1s larger than that of the Comparative Exam- 
ple 3. The film of Example 1 is more preferable as the polymer electrolyte for fuel cell. 

[0043] As descrtoed above, according to the present invention, there can be provided a polymer electrolyte for fuel 
cell, which is cheap and easily synthesized and which has high water resistance and high output performance, a 
method for produdng the same, and a fuel cell using the pdymer electrolyte. 

Claims 

1. A polymer electrolyte for a fuel cell, comprising a sulfonated polymer having an ion-exchange group equivalent 
weight of 500 to 2500 g^mol. which is obtainable by sulfonating a structural unit represented by the structural for- 
mula (II) of a copolymer having 95 to 40 moF% of a structural unit represented by the following strurtural formula (I) 
and 5 to 60 mof% of a structural unit represented by the following structural formula (IQ, 
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wherein Ar represents at least one of the following structures. 




The pol/mer electrolyte for a fuel cell according to claim 1. wherein the polyelrctrolyte comprises a sulfonated pol- 
ymer having an ron-exchange group equivalent weight of 500 to 1500 g/mol. 

The polymer electrolyte for a fuel cell according to claim 1 or 2, wherein Ar represents the following staicture. 




The polymer electrolyte for a fuel cell according to any one of claims 1 to 3. wherein the polymer electrolyte is 
obtained by controlling a copolymerization ratio of the structural tamuila (II) to the structural formula (1). 

A polymer electrolyte membrane for a fuel cell, wherein the men^rane comprises the polymer electrolyte for fuel 
cell of any one of claims 1 to 3. 

A method for producing a polymer electrolyte membrane for a fuel cell, which comprises forming a membrane of 
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if\B polymer electrolyte for fuel cell eccording to any one of claims 1 to 3 by a solution casting method, a malt press- 
ing method or a mett extrusion method. 

7, A fuel cell obtainatale tjy using the polymer electrolyte membrane tor fuel celi according to daim 5. 
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